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Provided are a substrate for a power module having a uniform
parallel switching characteristic and a power module includ-
ing the same. The substrate for the power module includes a
plurality of areas on which input terminals are mounted, an
area on which an output terminal is mounted, a plurality of
areas on which devices are mounted, and an area on which a
plurality of control pins are mounted. The plurality of areas on
which the devices are mounted are bilaterally symmetric
about the area on which the plurality of control pins are
mounted. The plurality of areas on which the input terminals
are mounted, respectively, are provided into three areas
spaced apart from each other and bilaterally symmetric to
each other. The plurality of areas on which the device are
mounted are bilaterally symmetric about the area on which
the control pins are mounted.
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SUBSTRATE FOR POWER MODULE HAVING
UNIFORM PARALLEL SWITCHING
CHARACTERISTIC AND POWER MODULE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0123090, filed on Nov. 1, 2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND
[0002] 1.Field
[0003] Example embodiments relate to a semiconductor
device module.
[0004] 2. Description of the Related Art
[0005] Power modules are packaged electronic parts which

achieve various power conversions between Direct Current
(DC) and Alternating Current (AC) such as DC/DC, DC/AC,
AC/DC, or AC/AC using a plurality of switching devices and
adequate passive devices. Representative examples of these
power modules include a DC-DC converter, an AC-DC
changer, a DC-AC inverter, and the like. Power modules may
be used in various fields such as the buck/boost for electronic
devices, charging, generation/power transmission, the driv-
ing of a driver, and the like.

[0006] Recently, as interest in electric vehicles and new
renewable energy sources increases and the corresponding
technology develops, power modules that have a relatively
high capacity and high power density are being developed.
However, these power modules may be susceptible to a high
current interruption.

[0007] To overcome the high current interruption, conven-
tionally, unit switching devices that have limited capacities
are connected parallel to each other. However, between the
unit switching devices a switching current non-uniformity
may occur. The switching current non-uniformity may cause
power consumption to be concentrated in one switching
device. Thus, the corresponding switching device may be
damaged. Furthermore, the load in the rest of the switching
devices may be increased and may result in a breakdown of
the whole module.

[0008] Since general parallel operational devices are con-
nected to the same electrical terminal at a time, it may be
difficult to individually control the devices. Further, even if a
layout is designed to individually control the devices, the
layout may be inefficient in economic and technical feasibil-

1ty.
SUMMARY

[0009] Provided is a substrate for power module having a
uniform parallel switching characteristic.

[0010] Provided is a power module including the substrate
for power module having a uniform parallel switching char-
acteristic.

[0011] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the presented
embodiments.

[0012] According to an example embodiment, a substrate
includes: a plurality of areas on which input terminals are
mounted; an area on which an output terminal is mounted; a
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plurality of areas on which devices are mounted; and an area
on which a plurality of control pins are mounted, wherein the
plurality of areas on which the devices are mounted are bilat-
erally symmetric about the area on which the plurality of
control pins are mounted.

[0013] The plurality of areas on which the input terminals
are mounted, respectively, may be provided into three areas
spaced apart from each other and be bilaterally symmetric to
each other.

[0014] The plurality of areas on which the devices are
mounted may be provided into four areas, wherein two areas
of the four areas may be conductive layer areas spaced apart
from each other, and remaining two areas may be the same
conductive layer area.

[0015] A second substrate may be mounted on the area on
which the plurality of control pins are mounted.

[0016] The second substrate may include: an insulation
layer contacting the area on which the plurality of control pins
are mounted; and a plurality of conductive layers spaced apart
from each other, the plurality of conductive layers being
disposed on the insulation layer.

[0017] According to another example embodiment, a
power module includes: a substrate including a plurality of
input terminal areas configured to mount input terminals
thereon, an output terminal area configured to mount an out-
put terminal thereon, a plurality of device areas configured to
mount devices thereon, and a control pin area configured to
mount control pins thereon, wherein the plurality of device
areas are bilaterally symmetric about the control pin area; first
devices mounted on the plurality of device areas; first input
terminals mounted on the plurality of input terminal areas;
first control pins mounted on the control pin area; and a first
output terminal mounted on the output terminal area.

[0018] A second substrate may be mounted on the control
pin area.
[0019] The second substrate may include: an insulation

layer; and a plurality of conductive layers disposed on the
insulation layer, the plurality of conductive layers spaced
apart from each other.

[0020] The first control pins may be mounted on the plu-
rality of conductive layers.

[0021] The plurality of input terminal areas may include
three areas spaced apart from each other and that are bilater-
ally symmetric to each other.

[0022] The first input terminals may be three first input
terminals respectfully mounted on the three areas spaced
apart from each other, and two of the three first input termi-
nals are configured to receive a voltage having a same polar-
ity.

[0023] The three first input terminals may be bilaterally
symmetric to each other.

[0024] The three first input terminals may be bilaterally
asymmetric to each other.

[0025] The three first input terminals may include two cou-
pling parts.
[0026] The second substrate, a portion of the first devices

and one of the first input terminals may be mounted on a same
one of the plurality of conductive layers.

[0027] Atleast one example embodiment relates to a power
module.
[0028] In one embodiment, a substrate includes device

modules and control pins, input terminals and an output ter-
minal. The control pins have first ends mounted to the sub-
strate and the device modules are symmetrically mounted to
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the substrate with respect to the control pins, the control pins
configured to receive a signal to control switching of the
modules. The input terminals are electrically connected to the
substrate, the input terminals being symmetrically mounted
with respect to the control pins. The output terminal is elec-
trically connected to the substrate, the output terminal being
symmetrically mounted with respect to the control pins.
[0029] In one embodiment, the control pins are mounted
along a center of the substrate.

[0030] In one embodiment, a variation in an inductance in
each of the device modules is less than 15%.

[0031] In one embodiment, a second substrate is mounted
to a second end of the control pins, the second substrate
electrically insulated from the device modules.

[0032] In one embodiment, the input terminals include at
least three input terminals and two of the three input terminals
are configured to receive a voltage having a same polarity and
a third of the three input terminals is configured to receive a
voltage having a polarity opposite the same polarity.

[0033] In one embodiment, the device modules include an
insulated-gate bipolar transistor IGBT.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings, in which some example embodiments are
shown. In the drawings, the thicknesses of layers and regions
are exaggerated for clarity. Like reference numerals in the
drawings denote like elements.

[0035] Detailed illustrative embodiments are disclosed
herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of
describing example embodiments. Example embodiments
may be embodied in many alternate forms and should not be
construed as limited to only those set forth herein.

[0036] It should be understood, however, that there is no
intent to limit this disclosure to the particular example
embodiments disclosed. On the contrary, example embodi-
ments are to cover all modifications, equivalents, and alter-
natives falling within the scope of the invention. Like num-
bers refer to like elements throughout the description of the
figures.

[0037] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a first element could be termed a second ele-
ment, and, similarly, a second element could be termed a first
element, without departing from the scope of this disclosure.
As used herein, the term “and/or,” includes any and all com-
binations of one or more of the associated listed items.
[0038] It will be understood that when an element is
referred to as being “connected,” or “coupled,” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected,”
or “directly coupled,” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between,” versus “directly between,” “adja-
cent,” versus “directly adjacent,” etc.).

[0039] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
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be limiting. As used herein, the singular forms “a,” “an,” and
“the,” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” “‘comprising,”
“includes,” and/or “including,” when used herein, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0040] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. For example, two figures shown
in succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

[0041] Various example embodiments will now be
described more fully with reference to the accompanying
drawings in which some example embodiments of the inven-
tion are shown. In the drawings, the thicknesses of layers and
regions are exaggerated for clarity.

[0042] FIG. 1 is a plan view illustrating a substrate for a
power module according to an example embodiment;

[0043] FIG. 2 is a perspective view illustrating a power
module including the substrate for the power module of FI1G.
1 according to an example embodiment;

[0044] FIG. 3 is a perspective view illustrating a process of
mounting a second substrate on the power module of FIG. 2;
[0045] FIG. 4 is a graphical view illustrating (a) an induc-
tance variation with respect to devices IGBT1 to IGBT4
disposed parallel to each other and (b) a momentary power
loss variation when turned off in the power module of FIG. 3;
[0046] FIG. 5 is a perspective view illustrating a coupling
between the power module of FIG. 2 and a busbar;

[0047] FIG. 6 is a perspective view illustrating a power
module according to another example embodiment; and
[0048] FIG. 7is abar graph illustrating an inductance varia-
tion with respect to each device in the power module of FIG.
6.

DETAILED DESCRIPTION

[0049] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like
elements throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the example embodiments are merely described below,
by referring to the figures, to explain aspects of the present
description

[0050] FIG. 1 is a plan view illustrating a substrate (here-
inafter, referred to as a power module substrate) for a power
module according to an example embodiment.

[0051] Referring to FIG. 1, a first substrate S1 may be, for
example, a direct bonded copper (DBC) substrate. The first
substrate S1 includes first to ninth portions 10, 20, 30, 40, 50,
60, 70, 80, and 90. Top surfaces of the first to ninth portions
10, 20, 30, 40, 50, 60, 70, 80, and 90 are covered by a
conductive layer. Here, the conductive layer may be, for
example, a copper layer. The first to ninth portions 10, 20, 30,
40, 50, 60, 70, 80, and 90 are spaced apart from each other.
The first and second portions 10 and 20 and the third and
fourth portions 30 and 40 may be bilaterally symmetric to
each other about a central line C1. In bilateral symmetry (also
called plane symmetry) a plane will divide a substrate in half.
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The fifth portion 50 may have a T shape. Here, the vertical
portion of the fifth portion 50 is disposed between the first and
second portions 10 and 20 and the third and fourth portions 30
and 40, and the horizontal portion of the fifth portion 50 is
disposed on the second and fourth portions 20 and 40. The
fifth portion 50 may be bilaterally symmetric about the cen-
tral line C1. The sixth portion 60 may be disposed above the
fifth portion 50 and bilaterally symmetric about the central
line C1. The seventh portion 70 is disposed between the fifth
portion 50 and the sixth portion 60. The seventh portion 70
includes a horizontal portion and an upwardly vertical por-
tion.

[0052] A control pin (not shown) is mounted on the
upwardly vertical portion of the seventh portion 70. Also, the
seventh portion 70 may be bilaterally symmetric about the
central line C1. The eighth and ninth portions 80 and 90 are
disposed between the fifth portion 50 and the seventh portion
70. The eighth and ninth portions 80 and 90 may be bilaterally
symmetric about the central line C1. A control pin (not
shown) may be mounted on the eighth and ninth portions 80
and 90.

[0053] The first portion 10 includes a first area 10a. The
first area 10a may be an area on which a terminal is mounted.
The second portion 20 includes a second area 20a. The sec-
ond area 20a may be an area on which a module including a
plurality of devices is mounted. The second area 20a may be
an area on which a terminal (not shown) is mounted. The third
portion 30 includes a third area 30a. The third area 30a may
be an area on which a terminal is mounted.

[0054] The fourth portion 40 includes a fourth area 40a.
The fourth area 40a may be an area on which a module
including a plurality of devices is mounted. The first and
second areas 10a and 20a and the third and fourth areas 30a
and 40a may be bilaterally symmetric to each other about the
central line C1. Thus, the module mounted on the second area
20a and the module mounted on the fourth area 40a may be
bilaterally symmetric to each other. Also, the terminal
mounted on the first area 10a and the terminal mounted on the
third area 30a may be bilaterally symmetric to each other. The
fifth portion 50 includes fifth to eighth areas 50a to 504. The
fifth and sixth areas 50a and 505 may be areas on which
modules are mounted, respectively. Also, the fitth and sixth
areas 50a and 505 may be bilaterally symmetric about the
central line C1. The seventh area 50c is disposed between the
first and third areas 10a and 30a. Also, the seventh area 50¢
may be an area on which a terminal is mounted and be bilat-
erally symmetric about the central line C1. The eighth area
504 may be bilaterally symmetric about the central line C1
and be an area on which a control pin is mounted. The sixth
portion 60 includes ninth to eleventh areas 60a, 605, and 60c.
The ninth and tenth areas 60a and 605 may be bilaterally
symmetric about the central line C1. The ninth and tenth areas
604 and 605 may be areas on which output terminals or phase
terminals are mounted, respectively. The eleventh area 60c
may be disposed between the ninth and tenth areas 60a and
605, i.e., between the ninth area 60a and the central line C1.
The eleventh area 60c may be an area on which a control pin
is mounted.

[0055] As described above, the areas of the power module
substrate S1 on which the modules are mounted may be
bilaterally symmetric about the central line C1. The areas on
which input terminals and the output terminals are mounted
may be bilaterally symmetric to each other. The control pins
are mounted along the central line C1. Thus, a current path
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between the respective modules and the terminals, which are
mounted on the power module substrate S1, may be reduced.
Also, as coupling therebetween is increased, stray inductance
may be reduced. Further, the symmetrical arrangement makes
the switching characteristics of the devices arranged parallel
uniform, therefore, power losses in the devices may be uni-
form increasing the life cycle of each device.

[0056] A second substrate S2 is mounted on the fifth por-
tion 50 of the power module substrate S1. The second sub-
strate S2 may be bilaterally symmetric about the central line
C1. The second substrate S2 may be disposed between the
second portion 20 and the fourth portion 40. The second
substrate S2 may include an insulation layer 90 disposed on
the fifth portion 50 and first to third conductive layers 92, 94,
and 96 disposed on the insulation layer 90. The first and third
conductive layers 92, 94, and 96 are spaced apart from each
other. The second substrate S2 may be disposed on the fifth
portion 50 without removing a portion of the fifth portion 50.
Because the insulation layer 90 of the second substrate S2
contacts the fifth portion 50, the second substrate S2 may be
decoupled from high current flowing into the fifth portion 50.
The insulation layer 90 of the second substrate S2 may be, for
example, a silicon oxide layer. Each of the first to third con-
ductive layers 92, 94, and 96 may be, for example, a copper
layer. A control pin may be disposed on each of the first to
third conductive layers 92, 94, and 96. Since a control pin is
mounted on a center of the substrate S1 by using the second
substrate S2, an additional area due to the mounting of the
control pin may not be required. Thus, the efficiency of a
layout area of the substrate S1 may be improved.

[0057] FIG. 2 is a perspective view illustrating a power
module including the substrate S1 for power module of FIG.
1 according to an example embodiment.

[0058] Referring to FIG. 2, in a power module M1, a first
terminal 104 is mounted on the first portion 10, and a second
terminal 108 is mounted on the third portion 30. Through
holes 104a and 108a are defined in the first and second ter-
minals 104 and 108, respectively. The through holes 104a and
108a may be configured to couple bolts. A third terminal 106
is mounted on the fifth portion 50. The third terminal 106 is
disposed between the first and second terminals 104 and 108.
The first and second terminals 104 and 108 may be bilaterally
symmetric about the third terminal 106. A through hole 1064
for coupling a bolt is defined in the third terminal 106. The
first to third terminals 104, 108, and 106 may be input termi-
nals, respectively. A voltage having the same first polarity
may be applied into the first and second terminals 104 and
108. A voltage having a polarity opposite to the first polarity
may be applied into the third terminal 106. For example, the
voltage having the first polarity may be a positive (+) voltage.
[0059] A first device module D1 including a plurality of
devices is mounted on an area corresponding to the second
portion 20 of FIG. 1. A second device module D2 including a
plurality of devices is mounted on an area corresponding to
the fourth portion 40 of FIG. 1. Third and fourth device
modules D3 and D4 are disposed on the fifth and sixth areas
50a and 505 of the fifth portion 50 of FIG. 1, respectively.
Fourth and fifth terminals 100 and 102 are mounted on areas
corresponding to the ninth and tenth areas 60a and 605 of the
sixth portion 60, respectively. Each of the fourth and fifth
terminals 100 and 102 may be an output terminal or a phase
terminal. Through holes 100a and 1024 for coupling bolts are
defined in the fourth and fifth terminals 100 and 102, respec-
tively. A control pin is mounted on an area of the fifth portion



US 2014/0120774 Al

50 corresponding to the eighth area 50a of FIG. 1. A control
pin is mounted on each of the eighth and ninth portions 80 and
90. Also, a control pin is mounted on an area corresponding to
the seventh portion 70 of FIG. 1. Also, a control pin 112 is
mounted on an area corresponding to the eleventh area 60c of
the sixth portion 60 of FIG. 1. Control pins 924, 944, and 96a
are mounted on the first to third conductive layers 92, 94, and
96 disposed on the insulation layer 90, respectively. The first
to third conductive layers 92, 94, and 96 are connected to the
first to fourth portions 10, 20, 30, and 40 through wire bond-
ing. The first device module D1 is wire-bonded to the first
portion 10. The second device module D2 is wire-bonded to
the third portion 30. The third device module D3 is wire-
bonded to the second portion 20 and the sixth portion 60. The
fourth device module D4 is wire-bonded to the fourth portion
40 and the sixth portion 60.

[0060] FIG.3 is a perspective view illustrating a process of
mounting the second substrate S2 on the fifth portion 50 of the
first substrate S1.

[0061] Referring to FIG. 3, the second substrate S2 is
mounted on the fifth portion 50 between the second portion 20
and the fourth portion 40. The first conductive layer 92 is
wire-bonded 132 to the first and third portions 10 and 30. The
second conductive layer 94 is wire-bonded 134 to a desired
(or alternatively, a predetermined) portion between the first
and second portions 10 and 20. The third conductive layer 96
is wire-bonded 136 to the second and fourth portions 20 and
40. While the wire-bonding processes 132, 134, and 136 are
performed, wire-bonding processes 138 and 139 of device
modules to be mounted on the second and fourth portions 20
and 40 may be performed together. After the wire-bonding
processes are performed, the control pins 924, 94a, and 964
are mounted on the first to third conductive layers 92, 94, and
96, respectively. A reference numeral 120 represents a device
mounted on the second portion 20, for example, device D1
which may be an Insulated-gate bipolar transistor IGBT. A
reference numeral 130 represents a device, for example,
device D2, mounted on the fourth portion 40.

[0062] FIG. 4 is a graphical view illustrating (a) an induc-
tance variation with respect to devices D1-D4, for example
IGBT1 to IGBT4, disposed parallel to each other and (b) a
momentary power loss variation when the power module of
FIG. 3 is turned off.

[0063] In the bar graph of FIG. 4A, a lower portion 4a
represents a collector-side inductance variation of an IGBT,
and an upper portion 45 represents an emitter-side inductance
variation of the IGBT. In FIG. 4B, an upper graph represents
a variation of a gate voltage, a middle graph represents a
variation of a reference voltage, and a lower graph G1 repre-
sents a momentary power loss.

[0064] Referring to FIGS. 4A and 4B, a deviation in induc-
tance among the respective devices may be only in about
15%. As shown in lower graph G1, there is no deviation in an
amount of momentary power loss between the devices IGBT1
to IGBTA4.

[0065] FIG. 5 is a perspective view illustrating a coupling
between the power module of FIG. 2 and a busbar.

[0066] Referring to FIG. 5, first to third coupling ends
1045, 1085, and 1065 are disposed on a busbar 150 to corre-
spond to first to third terminals 104, 108, and 106 in a power
module M1. When compared to a related art, one coupling
end is further added to a busbar 150. The first to third termi-
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nals 104, 108, and 106 and the first to third coupling ends
1045, 1085, and 1065 may be coupled to each other by using
bolts 140, respectively.

[0067] FIG. 6 is a perspective view illustrating a power
module according to another example embodiment. Only the
parts that are different from those of FIG. 1 will be described
below. The same reference numeral represents the same
member.

[0068] Referring to FIG. 6, when compared to the power
module of FIG. 2, an input terminal of a power module M2 is
modified, and the remaining portions are the same. Particu-
larly, sixth and seventh terminals 142 and 144 are provided as
input terminals, respectively. The sixth terminal 142 may be a
terminal to which a negative (=) DC is applied and also the
same as the third terminal 108 of FIG. 2. The seventh terminal
144 contacts a first portion 10 and a third portion 30. Thus, the
seventh terminal 144 may have the same structure as that in
which the first and second terminals 104 and 108 are con-
nected to each other. A positive (+) DC may be applied into
the seventh terminal 144. Through holes 1424 and 144a for
coupling are defined in the sixth and seventh terminals 142
and 144, respectively.

[0069] FIG. 7is abargraph illustrating an inductance varia-
tion with respect to each device in the power module M2 of
FIG. 6. In the bar graph of FIG. 7, a lower portion 7a repre-
sents a collector-side inductance variation of the IGBT, and
an upper portion 7b represents an emitter-side inductance
variation of the IGBT.

[0070] Comparing the results obtained in FIG. 7 to those
obtained in FIG. 4A, the power module M2 of FIG. 6 has a
variation in inductance that is greater than that in the power
module M1 of FIG. 2. However, the inductance variation in
the power module M2 of FIG. 6 is still lower than that in
existing power modules.

[0071] The power module according to the example
embodiments may have a structure different from that of the
existing power module. The devices in the power module may
be bilaterally symmetric about the central axis, and the ter-
minals may also be bilaterally symmetric about the central
axis. Also, the control pins may be disposed on a center of the
layout. Thus, the switching characteristic between the paral-
lel switching devices may be uniform, and uniformity of the
power loss with respect to each of the switching devices may
be relatively improved, resulting in an increase in the life
cycle of the devices including the power modules.

[0072] Also, the switching loss may be reduced due to the
uniformity of the switching characteristic between the
devices, and the efficiency of the power module may be
improved due to the increase of the life cycle of the devices.

[0073] Also, the current path may be reduced by the two
separated terminals having a symmetrical layout, and the
stray inductance may be reduced due to the increase of the
coupling therebetween.

[0074] Also, the added substrate may be vertically stacked
on the module substrate to reduce an area of the layout.

[0075] It should be understood that the example embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Thus, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the following claims.
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What is claimed is:

1. A substrate comprising:

a plurality of areas on which input terminals are mounted;

an area on which an output terminal is mounted;

a plurality of areas on which devices are mounted; and

an area on which a plurality of control pins are mounted,

wherein the plurality of areas on which the devices are
mounted are bilaterally symmetric about the area on
which the plurality of control pins are mounted.

2. The substrate of claim 1, wherein the plurality of areas
on which the input terminals that are mounted, respectively,
comprise three areas spaced apart from each other and are
bilaterally symmetric to each other.

3. The substrate of claim 1, wherein,

the plurality of areas on which the devices are mounted

comprise four areas, and

two areas of the four areas are conductive layer areas

spaced apart from each other, and a remaining two areas
are a same conductive layer area.

4. The substrate of claim 1, wherein a second substrate is
mounted on the area on which the plurality of control pins are
mounted.

5. The substrate of claim 4, wherein the second substrate
comprises:

an insulation layer contacting the area on which the plural-

ity of control pins are mounted; and

a plurality of conductive layers spaced apart from each

other, the plurality of conductive layers being disposed
on the insulation layer.

6. A power module comprising:

a substrate including,

a plurality of input terminal areas configured to mount
input terminals thereon,

an output terminal area configured to mount an output
terminal thereon,

a plurality of device areas configured to mount devices
thereon, and

a control pin area configured to mount control pins
thereon, wherein the plurality of device areas are
bilaterally symmetric about the control pin area;

first devices mounted on the plurality of device areas;

first input terminals mounted on the plurality of input ter-

minal areas;

first control pins mounted on the control pin area; and

a first output terminal mounted on the output terminal area.

7. The power module of claim 6, further comprising:

a second substrate mounted on the control pin area.

8. The power module of claim 7, wherein the second sub-
strate comprises:

an insulation layer; and

a plurality of conductive layers disposed on the insulation

layer, the plurality of conductive layers spaced apart
from each other.
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9. The power module of claim 8, wherein the first control
pins are mounted on the plurality of conductive layers.

10. The power module of claim 6, wherein the plurality of
input terminal areas comprise:

three areas spaced apart from each other and that are bilat-
erally symmetric to each other.

11. The power module of claim 10, wherein the first input
terminals are three first input terminals respectively mounted
on the three areas spaced apart from each other, and two ofthe
three first input terminals are configured to receive a voltage
having a same polarity.

12. The power module of claim 11, wherein the three first
input terminals are one of bilaterally symmetric to each other
and bilaterally asymmetric to each other.

13. The power module of claim 12, wherein the three first
input terminals comprise:

two coupling parts.

14. The power module of claim 8, wherein the second
substrate, a portion of the first devices and one of the first
input terminals are mounted on a same one of the plurality of
conductive layers.

15. A power module comprising:

a substrate including device modules and control pins, the
control pins having first ends mounted to the substrate
and the device modules being symmetrically mounted to
the substrate with respect to the control pins, the control
pins configured to receive a signal to control switching
of the modules;

input terminals electrically connected to the substrate, the
input terminals being symmetrically mounted with
respect to the control pins; and

an output terminal electrically connected to the substrate,
the output terminal being symmetrically mounted with
respect to the control pins.

16. The power module of claim 15, wherein the control

pins are mounted along a center of the substrate.

17. The power module of claim 15, wherein a variation in
an inductance in each of the device modules is less than 15%.
18. The power module of claim 15, further comprising:

a second substrate mounted to a second end of the control
pins, the second substrate electrically insulated from the
device modules.

19. The power module of claim 15, wherein the input
terminals include at least three input terminals and two of the
three input terminals are configured to receive a voltage hav-
ing a same polarity and a third of the three input terminals is
configured to receive a voltage having a polarity opposite the
same polarity.

20. The power module of claim 15, wherein the device
modules include an insulated-gate bipolar transistor IGBT.
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